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ABSTRACT 

Context. Photometric variability of chemically peculiar (CP) stars of the upper main sequence is closely connected to 
their local stellar magnetic field and their rotational period. Long term investigations, as presented here, help us to 
identify possible stellar cycles (as in the Sun). Furthermore, these data provide a basis for detailed surface mapping 
techniques. 

Aims. Photoelectric Stromgren uvby time series for 27 CP stars within the boundaries of open clusters are presented. 
In addition, Hipparcos photometric data (from 1989 to 1993) are used for our analysis. Our observations cover a time 
period of about six years (1986 to 1992) with typically fifteen measurements for each objects. These observations help 
us to determine the rotational periods of these objects. 

Methods. A standard reduction procedure was applied to the data. When possible, we merged our data sets with already 
published ones to obtain a more significant result. A detailed time series analysis was performed, involving five different 
methods to minimize spurious detections. 

Results. We established, for the first time, variability for fourteen CP stars. For additional two stars, a merging of 
already published data sets, resulted in more precise periods, whereas for six objects, the published periods could be 
confirmed. Last, but not least, no significant variations were found for five stars. Apart from six stars, all targets seem 
to be members of their host open clusters. 

Conclusions. The present observations fill an important gap in previous photometric long-time studies of CP stars. The 
presented open cluster members are excellent targets for follow-up observations, employing for example polarimetric, 
high-resolution spectroscopic, and surface mapping techniques. 

Key words. Stars: chemically peculiar - Open clusters and associations: Individual: Collinder 132 - IC 4725 - NGC 
2516 - NGC 3114 - NGC 3228 - NGC 3532 - NGC 5460 - NGC 5662 - NGC 6281 - NGC 6405 - NGC 6475 - Stars: 
variables: general 



1. Introduction 

The group of chemically peculiar (CP) stars on the upper 
main sequence display peculiar lines and line strengths, in 
addition to other pec uliar features suc h as a strong global 
stellar magnetic field ( Babcockj 1947). This subclass of B 
to F-type stars is characterized by variable line strengths 
and radial velocity changes as well as photometric variabil- 
ity of in general the same periodicity. One can usually dis- 
tinguish between He- weak/strong, HgMn, Si, SrCrEu, and 
Am stars. The subgroup of SrCrEu objects, for example, 
typically have overabundances of up to several dex for e.g., 
Sr, Cr, Eu, and other rare earth elements compared to the 
Sun. 

Photom etric variability of the CP star a 2 CVn was first 
reported by Guthnik & Prager ( 1914). The light curves can 
be fitted well by a sine wave and its first harmonic with 
varying amplitudes for different photometric filter systems. 
For some CP stars, a double-w ave structure of the photo- 

" 1980[ ). However, 



The variability of CP stars is explained in terms of the 



oblique rotator model (Stibbs 1950), according to which 



the period of the observed light, spectrum, and magnetic 
field variations is the rotational period. Accurate knowledge 
of the period of variability and its evolution in time for CP 
stars is a fundamental step in understanding their complex 
behaviour, especially as far as it concerns the phase rela- 
tion between the magn etic, spectral, and light variations 



(Mikulasek et al. 2010). 



metric light curves is detected (Maitzen 



In 2004, an on-line catalogue of photometric obser- 
vations of magnetic C P stars (mCPoqT) was initiated 
(IMikulasek et al. 2007). This was intended to gather all 
available photometric data for CP stars, into a single, freely 
accessible database. The archive presently contains about 
150 000 individual measurements of 151 CP stars and is be- 
ing constantly updated with the latest photometric data. 

In this paper, we present Stromgren uvby time series 
for 27 CP stars within the boundaries of open clusters. In 
addition, we queried the Hipparcos photometric database 



simila r magnetic fie l d mo dulus variations are rare excep- 
tions (jMathys et al| |1997[). 



http://astro.physics.muni.cz/mcpod/ 
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Table 1. Results for the observed sample of stars in eleven open clusters. 
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Notes. The primary targets are denoted with a spectral class "CP" . The data for the V magnitude, the spectral classification of 
the comparison stars, and Aa measurements were taken from WEBDA (number W); the membership flag as determined in Sect. 
In addition, the results of our time series analysis with the time base of the observations (At) and the number of data points 
um) for Stromgren uvby are listed. The derived periods are significant to the last listed digit. 
^ Hipparcos data available; results are discussed in Sect. [4] 
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North et al. 
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Manfroid & Mathys (2000) 
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van Leeuwen et al. 1997) for entries of our targets and 
found four matches. Our observations cover a time interval 
of about six years with typically fifteen measurements for 
each object. A detailed time series analysis was performed, 
implementing five different methods to minimize spurious 
detections. 

Because the variability is assumed to be related to the 
rotation, a detailed study of the light curves is essential, not 
only to determine astrophysical parameters using more re- 
alistic stellar model atmospheres, but also to interpret the 
substantial information provided when mapp ing the stel- 
lar surface with Doppler imaging techniques (Lehmann et 



al. [2007J). The choice of open cluster CP stars allows us 
to establish fundamental parameters such as the age, dis- 
tance, reddening, and metallicity of numerous cluster mem- 
bers more accurately than usually possible for Galactic field 
stars. 



2. Target selection, observations, and reduction 

This work was initiated by the European working group 
on chemically peculia r stars of the upper main sequence 



(Mathys et al. 1989). It continues and complements an 



extensive survey performed by North et al.| ( |1992[ ) . A con- 
tinuation of these efforts had already been initialized using 
the Rapid Eye Mount (REM) telescope at La Silla (P.I.: 
L. Fossati). 

The targets are established as candidate CP stars in 
open clu sters mainly by the extensive photoelectric Aa sur- 
vey (e.g. Maitzen|1993 1 . The comparison stars were chosen 
in the vicinity of the targets within the same magnitude 
range (if possible) . Table flllists the target and compari- 
son stars and their WEBDA0 numbers. The data for the V 



magn itude, spectral type, and Aa measurement (Maitzcn 
19761) were also taken from WEBDA. 



The star CP— 60 944 is a close visual binary with al- 
most equally bright components. In the literature, there is 
a constant confusion about the designation of this object. 
Renson & Manfroid (2009) list two entries in their most 
recent catalogue of Am and Ap stars, with V-magnitudes 
of 8.3 and 8.8, respectively. Both components a re classified 
as B8 Si stars therein. The published Aa value (Maitzen & 



Hensberge 1981 1 is a combined value of both components, 
since it was impossible to separate them. 

In add ition, we queried th e Hip parcos photometric 
database (van Leeuwen et al. 1997) for entries of the 
photoelectricaliy observed targets. In total, we found four 
matching entries: HD 56343, HD 87405, HD 89856, and 
HD 127924. 

The photometric observations in the Stromgren uvby 
system were performed from 1986 to 1992 at the 50 cm 
Danish Telescope (SAT) and with the 61 cm Bochum tele- 
scope at LaSilla. The Bochum telescope was equipped with 
a dry-ice-cooled EMI 9502 photomultiplier, whereas the 
SAT contains an EMI 9789QB one. A detailed log of obser- 
vations is given in Table [2j 

All data were corrected for atmospheric extinction and 
sky background. In a first step, the standard extinction co- 
efficients for LaSilla of the individual filters were used. For 
most of the nights, this choice was valid and very effective. 
For the observing nights in 1991 and 1992, the Volcano 
eruption of Pinatubo, we had to recalculate the coefficients 



Table 2. Log of observations with the extinction coeffi- 
cients for the Stromgren uvby filters. For the majority of the 
observations, the standard extinction coefficients for LaSilla 
fit the data very well. 
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http:/ / www.univie.ac. at /web da 



as listed in Table [2] Finally, all observations were corrected 
to a heliocentric standard time frame. 

All photometric measurements are available in elec- 
tronic form at the CDS, from the first author and will be 
included in mCPod. 
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Table 3. The obser ved open clusters with their parameters 
based on the list by Paunzen & Netopil (2006 1 . 



Cluster 


Name 
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E(B - V) 


Age 






[PC] 


[mag] 


[Myr] 


Cr 132 


C0712-310 


438(39) 


0.03(1) 


23(10) 


IC 4725 


C1828-192 


615(65) 


0.48(2) 


75(15) 


NGC 2516 


C0757-607 


402(32) 


0.10(4) 


141(21) 


NGC 3114 


C1001-598 


914(19) 


0.06(3) 


128(38) 


NGC 3228 


C1019-514 


511(22) 


0.02(1) 


102(17) 


NGC 3532 


CI 104-584 


492(8) 


0.04(1) 


262(46) 


NGC 5460 


C1404-480 


673(76) 


0.12(2) 


167(54) 


NGC 5662 


C1431-563 


684(60) 


0.32(1) 


77(20) 


NGC 6281 


C1701-378 


516(35) 


0.15(1) 


285(58) 


NGC 6405 


C1736-321 


473(16) 


0.14(2) 


71(21) 


NGC 6475 


C1750-348 


258(21) 


0.07(3) 


267(62) 



3. Time series analysis 

The time series analysis of unevenly spaced data for a wide 
variety of time frames is not straightforward. Several effects 
(for example aliasing) severely influence the corresponding 
diagnostic diagrams. 

To minimize the effects introduced by the limitations of 
the data sets and determine a stable solution, we applied 
five different time series analysis methods: 



Lafler - Kinman method ( |Lafler fc Kinman] |1981 jj 

Modified Lafler - Kinman method QHensberge et aL 



1977); 



— Phase-dispersion Method dStellingwerf 1978); 



— Renson method (Renson, 1978) 



Standard Fourier method ( |Deeming" 1975). 



The first of the four aforementioned methods are optimized 
to analyse sparsely distributed data sets. The results of the 
different methods were compared and the significant peri- 
ods extracted. The complete set of results and published 
ones are listed in Table [TJ The derived periods are signif- 
icant to the last given digit. All computations were per- 
formed using the programme package Peransc^] 

The decision about the (non-)variability of the individ- 
ual objects was made after applying the above-mentioned 
time-series analysis methods. If the detection limit of all 
four algorithms failed, we assigned an object "constant" 
within the precision of our measurements. The definition of 
these limits can be found in the specific references and are 
mainly based on the appearance of significant peaks in the 
amplitude-frequency domain. 

Figure [l] shows the phase diagrams of all pro- 
gramme stars with a well-established period in differential 
Stromgren uvby. For the folding process, the periods listed 
in Table [l] are used. The light curves of almost all targets 
are in phase for the four used filters. However, the y data 
for NGC 2516 #26 and NGC 3532 #449, as well as the v 
data for NGC 5460 #142 are not in phase with those of the 
other filters. The light curves of NGC 2516 #230 and NGC 
6281 #15 are very asymmetric, especially for the u filter. 
The shape of the light curve for NGC 6281 #15 is indicative 
of a double wave. These two stars certainly require further 
attention and complementary data to shed more light on 
the cause of this asymmetry. 



For NGC 3114 #80 and NGC 3532 #413, we find 
at least two periods for each star on widely different 
timescales. With the given data set, we are unable to de- 
cide which period is due to classical rotation. In the phase 
diagrams of these two objects, the long-term trend was sub- 
tracted from the data. These two stars may be similar in 
some ways to HR 1297, a B9 Si star, for which periods of 
1.0645 7 days and 15.749 days were reported by Adelman 
( 2000 ) . The astrophysical reason for this behaviour remains 
unknown but it is certainly connected to the highly variable 
properties of the stellar photosphere. 

For NGC 3228 #16 we used the period of 0.84 days, 
which fits the data more closely than the longer period of 
0.94 days. 



http: / /www. peranso.com/ 



For NGC 2516 #230, |Warhurst| ( |2004| ) presented I pho- 
tometry and inferred a period of 1.943 days from a Fourier 
fit. This finding agrees with our result. 

By comb ining the data for NGC 3114 #234 with those 
published by North ( 1987 ), we obtain a more accurate mea- 
surement of the period of 2.31808 days. The shape of the 
Geneva photometry light curves shown in North (1987) are 
very similar to ours. When combining the data sets, we 
used a mean magnitude calculated from all seven filters as 
well as the individual ones. The deduced period for these 
different procedures is numerically the same up to the fifth 
digit. Our light curves do not show as prominent a sec- 
ondary minimum as those from the Geneva data. However, 
we arc unable to definitely rule out a double wave signature, 
especially for Stromgren y. 

For the three CP stars in NGC 6405, the data are of too 
poor quality to draw any definitive conclusion. Even the 
combination with previously published photometry does 
not result in any significant improvement of the situation. 
However, since our photometric data will be publicly avail- 
able, they are an important contribution to long-term stud- 
ies of this star group. 

Four stars of our sample, namely IC 4725 #98, IC 4725 
#153, NGC 3114 #25, NGC 6475 #14, and NGC 6475 
#23, are certainly variable according to the detection limits 
of the applied time-series methods, but we are unable to 
deduce reliable periods from our data sets. These objects 
are worthwhile targets for follow-up observations. The time 
series analysis of our data set for NGC 6475 #23 is rather 
inconclusive. From the different results and an inspection of 
the light curve by eye, we conclude that this star is indeed 
variable. 

In Fig. [2j the phase diagrams of all stars except for 
IC 4725 #98, which has few data points, are plotted. For 
each object we took the period derived for the differential 
Stromgren v magnitudes. The range of calculated periods 
agrees well with those of the other program stars. 

4. Hipparcos photometry 

For four target stars, we retrieved Hipparcos data and anal- 
ysed them together with the ground-based data, i.e. Cr 132 
#27 (HIC 120047), NGC 3114 #108 (HIC 49218), NGC 
3228 #3 (HIC 50677) and NGC 5662 #187 (HIC 71398). 
Among these stars, only NGC 3228 #3 was flagged as vari- 
able from the Hipparcos data. 

The data sets cover a typical time frame of three years 
with about 130 measurements of each star. 

Following the advice given in the catalogue publication, 
measurements derived from data with identified reduction 
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Fig. 1. Phase diagrams of differential Stromgren u (circles), v (upper triangles), 6 (lower triangles), and y (star symbols) 
magnitudes for the variable program stars with well-established periods. The interval between two major ticks is 0.05 mag. 
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Fig. 2. Phase diagrams of differential Stromgren v mag- 
nitudes for the variable program stars with an uncertain 
period. 



problems were not considered. Since the Hipparcos data 
have uncertainties of between 1% and 2% at the involved 
magnitudes, comparable to the expected amplitudes of the 
light variation, a weighted average of data obtained over 
a small section of the same rotation cycle, typically up to 
0.05F rot , was used. Indeed, a smaller amount of more ac- 
curate observations is more helpful to period searches and 
Hipparcos observations tend to be clustered in time be- 
cause of the observing procedure (two observations within 
20 minutes, repeated commonly two hours later). 

The time series analysis was performed such that we 
attempted to identify the optimal period by fitting to all 
quantities m (all individual Stromgren filters and H p ) a 
function 



m = mo + A(cos 2tt(4> — 4>o) + B cos An ((f) — </>i)), 



(1) 



where mo, A, B, </> and <p\ are free parameters. When the 
shape of the light curves did not significantly differ in the 
filters, we took the same values of B, cf>o, and <j)\ in all 
channels, only varying mo and A from filter to filter. 

Cr 132 #27: This is the faintest Hipparcos target of 
our sample. The analysis of the Hipparcos data alone results 
in a period that is twice as long as deduced from the uvby 
photometry. This may be indicative of an apparent double 
wave. However, merging the two data sets does not help us 
to prove with this interpretation. 



NGC 3114 #108: From the uvby photometry we de- 
rive a period of 2.113 days. Adding the Hipparcos measure- 
ments, the range of possible periods can be narrowed down 
to 2.1250 — 2.1265 days. This interval contains two solutions 
with overlapping significance intervals at the 1.5cr level. The 
highest probability occurs at 2.1253 and at 2.1262 days, re- 
spectively. 

NGC 3228 #3: The uvby light curves deduced for this 
object are rather noisy, but the derived period is consistent 
with that derived from the Hipparcos observations and is 
compatible with the result obtained by Koen & Eyer ( 2002 ) 
from the Hipparcos data. 

NGC 5662 #187: In spite of the low amplitude, 
the periodicity is still detectable from an analysis of the 
Hipparcos magnitudes. It is most clearly visualized by form- 
ing weighted averages over individual measurements that 
were obtained within one fifteenth of the same stellar ro- 
tation cycle. The combination of both uvby and Hipparcos 
photometry allows us to deduce the period given in Table 

m 



5. Membership 

In more in-depth investigations (e.g., of evolutionary as- 
pects), it is essential to know whether the respective object 
belongs to the cluster. Several criteria can be used to de- 
termine membership. Apart from photometric criteria, the 
most commonly used are certainly based on proper motion. 
These, and both radial velocities and parallaxes would help 
assign membership, but data of the latter two in particu- 
lar are unfortunately sparsely available for our programme 
objects. Several comprehensive studies are available, which 
already provide membership probabilities in open clusters 



using proper motion ([B aumga rdt et al. 2000 Dias et al. 
200 if |2006| |Kharchenko et al.[|2004p , fromwhich we com 



piled their results as well as their respect ive data source. 
Furt hermo re, we considered the results of [Javakhishv ili et| 
all ( [2006]), which are b ased on the same data (Tycho- 



2) as Dias et al. (2001), but a different method was ap- 



plied to obtain membership probabilities. These datasets 
were complemented with data from other previous stud- 



ies (Constantine et al. 



1969 


Francic 


1989 


King 


1978a b 



19801 for NGC 6475 
JNGC 5662, respectively. 

Since slightly different cluster means were determined in 
the various studies and also different scales were used, the 
use of probability values of a single source can lead to wrong 
conclusions. They have to be compared with other inves- 
tigations, including those examining the respective source 
data and the deviation from the cluster mean motion. A 
demonstrative example are the results for HD 127924, for 



which [Baumgardt et al. (2000) list 9%, although this star 
deviates 2.6 mas only from the cluster mean. The same 



value was obtained by Dias et al. (2006) with a deviation 
of 7.8 mas, but their cluster mean differs significantly from 
all other studies. 

We theref ore followed the approach given in Landstrcet 
et al. (20071 to divide membership into y (member), p 
(probable member), ? (probably non-membe r) , and n (non- 



member) . We refer to Landstreet et al. ( 2007 ) for a more de- 
tailed explanation of the problems connected with member- 
ship probabilities. We qu eried the latest release of UCAC3 
(Zacharias et al. 2009) to check the consistency of the 
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proper motions and assigned a membership flag to the pro- 
gramme obje cts based on this property. As in Landstreet 



et al.| ( |2007 ), we performed a similar assignment for the 
position of the objects in the Hertzsprung-Russell diagram 
(HRD) relative to the isochrone of the respective cluster 
age. Furthermore, para llaxes were ex t racted from the new 
Hipparcos reduction by van Leeuwen ( 2007 ) and compared 
with the cluster distances. As a fourth membership pa- 



rameter, we used radial veloc i ties taken from |Amieux fe 

Burnagel (I1981D ,|Francic| (119891) , iGiesekingl dl985k , IGonzalez 
U- 1 __-V- Ll^na^m i ;i '>i __ u r . i jAXXn h" 



fe Lapasset| (|2000|7 Gonzalez fe Lapasset| (|200ip, |Landstreet 
Luck ct al 



as W' 



c 1 



as 



parec 



]2000 ), which were com- 
with both the cluster mea n of t he respective sources 

(2008). However, these re- 



and those of Mermilliod et al 
suits have to be evaluated with caution, if only a few mea- 
surements are available since binarity cannot be excluded. 
Using all available information, a final membership flag was 
as signed, which is given in Table [3] together with the result 
by Landstreet et al. (2007). In the following, non-members, 
with results that diner significantly from both [Landstreet 



et al. (2007) and other results are discussed. 

Three stars (HD 89856, 96729, and 153947) that de- 
viate strongly in the HRD: only unusually large errors in 
temperature of the order of about 2000 K would put them 
close to the corresponding isochrone. All other available 
membership parameters are also uncertain, so they were 



clas sified as non-members in agreement with |Landstreet et 
al] ( |2007D . Furthermore, the position of HD 153947, not 
included in this r eference, is locate d about four times the 
cluster radius (4', Dias et al. 2002) away from the cluster 
center. 

HD 65712 in NGC 2516 is also located far from the clus- 
ter center, at a distance of about three times the cluster 



radius of 15' (Dias et al. 2002). Since the two available pa- 



rameters are indicative of membership, and the star is just 



within the m uch larger radius determined by |Kharchenko 



et al. (2004), a probable membership was deduced. 

For the star HD 87240 in NGC 3114, its radial veloc- 
ity data and the position in the HRD support membership, 
in contrast to most proper motions. However, the data of 
UCAC3, which deviates strongly from all others, do not 
contradict membership. Therefore, a probable membership 
was concluded for this star. Several membership criteria 
are available for HD 87405 in the same cluster. The radial 



velocities of Gonzalez & Lapasset (20011 exclude member- 
,, listing a probabil i ty of 0%. In contrast, the results 



ship 

by [Amieux & Burnagel JTMll are in good agreement with 



their measurement of cluster mean. Both presented several 
measurements that provided no evidence of binarity. We 
prefer the results of the first of these aforementioned stud- 
ies, since they are based on higher resolution C CD mea- 
surements than th e photographic plates used by |Amieux| 



& Burnage (19811. This st ar was therefore classifie d as a 
probable non-member as in Landstreet et al. (2007). 



According to its proper motion and all available stud- 
ies, the star CP— 56 6330 cannot be a member of the cluster 
NGC 5662, although its position in the HRD suggests the 
contr ary. The final classifica tion as a non-member agrees 



with Landstreet et al. (2007). Its proper motion as well as 
its HRD position fully support membership of HD 56343 
to Collinder 132, but its parallax (0.26 ± 1.1) would place 
it as a background object, which also holds for the "origi- 
nal" Hipparcos data (0.66 ± 1.09). However, we note that 
the nature of this open cluster continues to be discussed 



Table 4. Membership of the programme objects. 



Cluster 


CP Star 


Membership 






fi/v/ph/n 


final 


Cr 132 


HD 56343 


y/-/y/n 


— 


(p) a 


IC 4725 


BD-19 5044L 


P/-/P/- 


P 


(p) 




HD 170836 


y/y/p/- 
p/nVy/- 


y 


(p) 




HD 170860 


p 


(p) 


NGC 2516 


CP-60 944 


y/-/y/- 


y 


(y) a 




HD 65712 


y/-/y/- 


P 


(y) a 




HD 66295 


y/y/y/- 


y 


(y) 


NGC 3114 


HD 87240 


p/y/y/- 


P 


(n) a 




HD 87405 


p/n/y/p 


? 


(?) a 




HD 87752 


p/y/y/- 


y 


(-) 




HD 304841 


p/-/y/- 


p 


(p) 




HD 304842 


p/y/y/- 


y 


(p) 


NGC 3228 


HD 89856 


p/-/ n /p 


ii 


(n) a 




HD 298053 


p/-/y/- 


P 


(P) 


NGC 3532 


HD 96040 


p/-/p/- 


P 


(P) 




HD 96729 


p/-/n/- 


ii 


( 7 ) a 


NGC 5460 


HD 122983 


y/-/p/- 


P 


(P) 




HD 123225 


y/-/y/- 


y 


(y) 


NGC 5662 


CP-56 6330 


n/-/y/- 


ii 


(n) a 




HD 127924 


y/-/p/p 


p 


(y) 


NGC 6281 


HD 153947 


p/-H- 


ii 


(_)- 




HD 153948 


y/p/y/- 


y 


(y) 


NGC 6405 


CD-32 13119 


p/-/y/- 


p 


(p) 




HD 318100 


y/y/y/- 


y 


(y) 




HD 318107 


y/-/y/- 


y 


(y) 


NGC 6475 


HD 162305 


y/y/y/- 


y 


(y) 




HD 320764 


y/y/y/- 


y 


(p) 



Notes. The final membership was deduced from individual ones 
based on proper motion (/i), radial velocity [v), position in the 
HRD (ph), and parallaxes (tt). In p arenthesis, the membership 
obtained by |Landstreet et al.| ( |2007] ) is given. 
' a ' Membership discussed in the t ext. 
( b ' Only a single measurement by 
narity cannot be excluded. 



Landstreet et al. 



(2008); bi 



in the literature 



& Dinis p08) 



Claria] |1977[ |Baumgardt[ |1998[ |Caballero 
herefore, we are not able to draw a final 
membership conclusion for this star. For the visual binary 
CP— 60 944, both components are at least probable mem- 
bers, whereas the A component is according to its proper 
moti on and position in th e HRD a definite member (see 
also Landstreet et al.|[2007 ). 



6. Results and conclusions 

We have investigated photometrically a total of 27 CP stars 
within the boundaries of open clusters. 

We established variability for fourteen CP stars with 
previously unknown rotation periods, and confirmed the 
rotation periods of eight more stars with an increase in 
precision for two of them. 

The applied open cluster parameters (Table [3]) are av- 
eraged ones based on a set of literature values. Starting 
with t he comprehensive compilation by [Paunzen fe Netopil| 
( 2006 ) , we searched the literature for additional (new or 
overseen) parameters. They were all checked for plausibility 
by using appropriate isochrones and available photometric 
data taken from the WEBDA database. Significant differ- 
ent results were removed and finally a strict average and 
standard deviations were calculated. 
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Table 5. Derived logarithmic luminosities and effective 
temperatures of our programme stars. 



CP Star 


log T e S 


log L/Lq 


BD -19 5044L 


4.094 


2.25 


CD -32 13119 


3.914 


1.05 


CP -56 6330 


4.088 


1.95 


CP -60 944 


4.095 


2.24 


HD 56343 


4.063 


1.70 


HD 65712 


4.000 


1.52 


HD 66295 


4.043 


1.75 


HD 87240 


4.092 


2.29 


HD 87405 


4.092 


2.74 


HD 87752 


4.105 


2.28 


HD 89856 


4.165 


2.16 


HD 96040 


4.026 


1.42 


HD 96729 


4.083 


1.57 


HD 122983 


4.032 


1.89 


HD 123225 


4.084 


2.40 


HD 127924 


4.113 


2.50 


HD 153947 


4.116 


2.29 


HD 153948 


4.026 


1.84 


HD 162305 


4.008 


1.74 


HD 170836 


4.162 


2.89 


HD 170860 A 


4.137 


2.63 


HD 298053 


3.936 


1.09 


HD 304841 


4.089 


2.15 


HD 304842 


4.094 


2.25 


HD 318100 


4.025 


1.60 


HD 318107 


4.070 


1.90 


HD 320764 


3.932 


1.26 



The log T e g values w ere calculated using the calibration 



of Netopil et al. 
GCPD catalogs 



2008) 



for CP stars. We made use of the 
ana the WEBDA database to extract 
all available photometric data of the programme stars. To 
obtain absolute magnitudes (assuming that all programme 
stars are indeed cluster members), we took averaged val- 
ues and the mean cluster distances (see Table [3]). Since the 
stars in NGC 2516 in particular, exhibit a strong differen- 
tial reddening, individual reddening values were determined 
wh enever possible for all objects as suggested by |Netopil et| 



al 



( 2008 ) . Within the latter reference a bolometric correc 
tion for magnetic CP stars was also introduced, which was 
used to calculate the luminosity. For the rem aining Am and 
HgMn objects, the bolometric correction by Balona (1994) 
for normal stars was applied. In Table [5j the individual 
values are listed. 

Figure [3] shows the location of the investigated CP stars 
in a log L/Lq versus logT e g diagram. The dashed line 
denotes the terminal-age main-sequence. The evolutionary 
tracks for individual masses and ages are interpolated be- 
tween the solar metallicity ones listed by [S challcr et al. 
|1992|),|Schaerer et al.|fll993a| 
Charbonnel et a. 



aTT|l993) 
HD 8985 



Schaerer et al.| ( |1993b ), and 



Two stars, HD 89856 and HD 96729 are located be- 
low the ZAMS and deviate significantly from the appar- 
ent cluster age (Table [3]). These objects are definite non- 
members ac cording to our analysis and that of |Landstreet 
et al. ( 2007 ). We also marked the location of the other ques- 
tionable cluster members as discussed in Sect. [5] 

The target stars cover the typical mass range for mid B 
to late A type main-sequence objects fr om about 1.7M^ to 



4.5Mq as other members of this group (Pohnl et al. 2005). 



1.0 
4.20 



\ 100 Myr 



4.0 M„ 




O CP -56 6330 
a HD 56343 
v HD 87405 
o HD 89856 
* HD 96729 
□ HD 153947 
j i , I , i_ 



4.16 4.12 4.08 4.04 4.00 3.96 3.92 3.! 



Fig. 3. The location of the investigated CP stars in a 
log L/Lq versus logoff diagram. Filled symbols denote 
members, whereas open symbols are non-members. The 
dashed line denotes the terminal-age main-sequence; the 
evolutionary tracks for individual masses are interpolated 
within the solar meta l licity ones listed by |Schaller et al.| 
( 1992D , |Schaerer et al.| Ql993aD , |Schaerer et al.| ( |1993b| ) , and 
Charbonnel et al. (1993). 



The photometric periods of 0.7-4.5 days are consistent with 



the t ypical rotation velocities of CP stars (North et al. 
19921. 



http: / /obswww.unige.ch/gcpd/gcpd.html 



There is a hint of the period decreasing with increasing 
age, in particular for stars with a mass below 3Mq , but this 
is not statistically significant due to poor number statistics. 
The same is true for a possible correlation of the period with 
the stellar mass and effective temperature. However, with 
the ongoing observations, more light will be shed on these 
important topics. 

Our observations fill an important gap in previous pho- 
tometric long-time studies of CP stars. The apparent open 
cluster members are excellent targets for follow-up obser- 
vations, based on for example polarimetry, high-resolution 
spectroscopy, and surface mapping techniques. 

Follow-up observations within our framework are al- 
ready under way with the Rapid Eye Mount (REM) tele- 
scope at La Silla. This will help us to understand the ap- 
parent stellar cycles, such as that of the Sun, for this group 
of magnetic peculiar objects. 
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